An increasing amount of information on purine metabolism suggests that there is a continual release of some purines from resting skeletal muscle (Bockman et al., 1976) . During exercise, hypoxanthine and inosine release can increase substantially (Murray, 1971). Presumably, skeletal muscle must be capable of maintaining an adequate level of purines in view of an apparent loss of purine nucleosides and bases. This has led us to examine the metabolic routes by which skeletal muscle can maintain its purine content.
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An increasing amount of information on purine metabolism suggests that there is a continual release of some purines from resting skeletal muscle (Bockman et al., 1976) . During exercise, hypoxanthine and inosine release can increase substantially (Murray, 1971) . Presumably, skeletal muscle must be capable of maintaining an adequate level of purines in view of an apparent loss of purine nucleosides and bases. This has led us to examine the metabolic routes by which skeletal muscle can maintain its purine content.
The ability of skeletal muscle to synthesize purine nucleotides de nouo has been demonstrated (Sheehan et al., 1977) . The alternative mechanism for maintenance of purine nucleotide levels is by so-called 'salvage' of purine bases and nucleosides. The present investigation was directed towards determining the rate and extent of purine salvage in rat skeletal muscle.
Synthesis of purine nucleotides was investigated by addition of labelled nucleosides or bases to incubated extensor digitorum longus muscles isolated intact from the rat hindlimb. Muscles were removed from the medium after 60min incubation, frozen in liquid N2 and the labelled nucleotides were separated and measured as previously described (Sheehan et a/., 1977) . The results showed that skeletal muscle is capable of synthesizing purine nucleotides by the 'salvage' pathways. The rates of nucleotide formation (Table 1) compare favourably with those measured in other tissues (Wong & Henderson, 1972; Namm, 1973) . As appreciable amounts (30-70%) of each of the radioactive substrates remained unused under the conditions of the experiments, it is unlikely that the level of the precursor was rate-limiting.
Based on the amount of radioactivity in the individual bases, nucleosides and nucleotides and on what is known about purinemetabolism in general and that in skeletal muscle in particular, an attempt can be made to identify the preferred enzymic routes of nucleotide formation from each of the precursors used.
Nuefeotide formation from purine bases
There is no evidence that purine bases can be converted into nucleotides in measurable amounts, by initial conversion into nucleosides with subsequent phosphorylation (Burridge et al., 1977) . Labelling of nucleosides in these studies was undetectable. It is more probable that adenine is converted directly into adenylate by adenine phosphoribosyltransferase (EC 2.4.2.7), with hypoxanthine and guanine being converted directly into inosinate and guanylate respectively by hypoxanthine/guanine phosphoribosyltransferase (EC 2.4.2.8). Xanthine was not incorporated into nucleotides by skeletal muscle.
Analysis of the distribution of the label from the precursors, adenine, hypoxanthine and guanine, showed that each base labelled both the adenine and guanine nucleotides. Some label was also found in IMP and XMP (Table 1) . This indicated that the three bases could be interconverted by skeletal muscle, presumably via IMP. After synthesis from adenine, adenylate was predominantly phosphorylated to ADP and especially ATP. The small amount of label in IMP and XMP and in the guanine nucleotides shows that some interconversion of adenylate can occur.
After inosinate synthesis from hypoxanthine, the major flow of label was towards the adenine nucleotides, particularly ATP. As might be expected, the guanine nucleotides were more heavily labelled when muscle was incubated with [14C]guanine. However, appreciable conversion of radioactive guanine into inosinate and adenine nucleotides was also found. The ratio % label incorporated into adenine nucleotides/% label incorporated into guanine nucleotides is 32 for adenine, approximately 5 for hypoxanthine and only 0.7 for guanine. Table 1 . Purine nucleotide synthesis from purine bases and nucleosides in rat skeletal muscle Extensor digitorum longus muscles were incubated with labelled precursors ( 2 0~~) for 60min, frozen and extracted with 0.92w-HC10,. After neutralization, nucleotides, nucleosides and bases were separated and measured as previously described (Sheehan et al., 1977) . Rates of incorporation are expressed as nmol/h per g fresh wt. and represent the m e a n f s .~. of four experiments. 
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--ffudeotide formation from purine nucleosides
Adenosine was incorporated into nucleotides more rapidly than any other labelled compound. It was probably phosphorylated directly by adenosine kinase to adenylate without prior degradation to adenine. In contrast, inosine and guanosine, which do not appear to be substrates for kinase enzymes (Henderson & Paterson, 1973) , are probably first degraded to hypoxanthine and guanine respectively, before their incorporation into nucleotides. At the adenosine concentration used in this study (~OPM), deamination is a quantitatively more important pathway, with about 40% of the labelled adenosine being recovered as inosine and 20% as hypoxanthine (T. G. Sheehan & E. R. Tully, unpublished work). Therefore nucleotide formation by the adenosine + inosine -+ hypoxanthine + IMP route is a possible alternative. However, as the labelled nucleotide distribution pattern is very similar to that obtained when adenine is used and unlike that of hypoxanthine (Table l) , it seems reasonable to assume that nucleotide synthesis is predominantly via adenosine kinase.
Measurement of the possible direct incorporation of inosine into nucleotides via an inosine kinase was complicated by the rapid catabolism of inosine to hypoxanthine. Thus any nucleotide formation detected could have been derived from hypoxanthine formed from inosine during incubation. O.Sm~-Guanosine inhibited the formation of labelled hypoxanthine from [14C]inosine in muscle by 68%. Under these conditions, nucleotide formation from inosine was inhibited by 52 %. These findings indicate that inosine is converted initially into hypoxanthine and subsequently to IMP and other nucleotides but they do not exclude the possibility that some inosine may be directly phosphorylated via an inosine kinase. However, this seems unlikely as inosine kinase appears to be absent from most animal tissues (Murray et al., 1970) .
Guanosine is possibly converted into guanylate via a guanosine kinase, however, because it is predominantly catabolized to guanine by rat skeletal muscle (T. G. Sheehan & E. R. Tully, unpublished work), nucleotide synthesis via hypoxanthine/guanine phosphoribosyltransferase also contributes to the labelling of the nucleotides. Since guanylate is the first nucleotide synthesized from both guanine and guanosine, one would expect that their nucleotide distribution patterns (Table 1) would be similar. However, guanosine labels the guanine nucleotides to a greater extent and adenine nucleotides to a lesser extent than guanine. A similar pattern was observed in the human erythrocyte Vol. 6
